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BACKGROUND OF THE INVENTION

(1) Field of the invention:

The present invention relates to a method of
testing LSIs and, more particularly, to an accelera-
tion testing of the reliability of LSIs.

(2) Description of the related art:

An acceleration testing of the reliability of an
LSI (hereinafter simply referred to as "acceleration
testing") has for its purpose to cause early genera-
tion of an initial failure (i.e., fault) of an LS| by
holding the LSI, under application of a high voltage
(of 6 V, for instance, if the normal operation voltage
of the LSl is 5 V), exposed to a high temperature
environment for a long time. This high voltage and
high temperature environment is referred to as an
acceleration test environment. If a fault occurs in
the acceleration test environment, it can be de-
tected in a short period of time after the completion
of the acceleration test by means of an LSI tester
with the LSI being held in the normal environment.

Troubles may be classified into several types.
In connection with the acceleration test, restorable
faults and non-restorable faulis are considered
here. A restorable fault is reproducible only in a
specific environment such as the acceleration test
environment noted above. A non-restorable faulf,
occurring once, for instance, such fault as a break-
ing of wirings is reproducible not only in the envi-
ronment noted above but also in a restored normal
temperature environment.

For the acceleration test, a burn-in furnace is
used, which is capable of controlling the setting of
the acceleration test environment noted above. As
the acceleration test, there are following three dif-
ferent kinds of tests with different operations of the
LSI to be tested placed in the burn-in furnace:

Acceleration test (1), in which only a source
voltage is supplied to the LSI under test;

Acceleration test (2), in which a source voltage
and a clock signal are supplied to the LSI under
test; and

Acceleration test (3), in which other signals in
addition to the source voltage and the clock signal
are supplied to the LSI under test to operate the
LSI as much as possible for the test.

The test (1) aims at an early generation of the
non-restorable fault. In this test, however, it is im-
possible to control the internal gate states of the
LS| under test because only a source voltage is
supplied thereto. In other words, in this test the LSI
under test does not operate logically. Therefore,
the internal gates of the LSI are not activated (i.e.,
not inverted from "1" to "0" or from "0" to "1").
For example, therefore, if there is no potential
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difference between both the ends of a wiring which
is about to be broken, no change in state occurs,
and it is impossible to generate a fault of breaking
of the wiring, which is a non-restorable fault.

The test (2) is one step ahead of the above test
(1). In this test, a clock signal is also supplied to
the LSI under test. Thus, a wiring for the clock
signal and gates which receive directly the clock
signal are activated to undergo equivalently normal
operation, thus permitting the generation of a non-
restorable fault at the above limited parts or com-
ponents. However, a majority of gates are not ac-
tivated and, therefore, the detection percentage is
still low.

The test (3) aims at generating non-restorable
faults in all internal parts of the LSI under test by
activatedly operating a majority of gates in the LSI
as in the normal operation. In one conceivable
method of carrying out the test (3), applied to the
testing of such an active LSI as a microprocessor,
for operating the microprocessor or the like under
test, a simple test system is produced using a
memory and a TTL or like IC-LSI for memory
access controlling. The whole test system is then
sat in a burn-in furnace and is operated by exter-
nally supplying to it a source voltage, a clock
signal, a reset signal, etc. Thus, a majority of gates
in the LSI under test are activated as in the normal
operation fo cause generation of non-restorable
faults latent in all internal parts of the LSI. The test
(3) is carried out similarly for testing a passive LSI
such as a peripheral LSI for a microprocessor.

In another method of carrying out the test (3), a
test like a selection test is carried out continuously
on an LSI under the acceleration test environment
by using an LSl tester.

As shown above, the prior art acceleration tests
(1) and (2) are incapable of activating all the inter-
nal gates of the LSI under test and, therefore,
provide for only low percentages of generation and
detection of non-restorable faults.

The acceleration test (3) in the method of ex-
ternally controlling a special test system containing
an LSI under test, the system being set in a burn-in
furnace, is not feasible because it is necessary to
guarantee that the IC-LSI and other associated
parts constituting the test system other than the
LSl under test operate normally even under the
acceleration test environment noted above and also
because it is necessary to load programs in the
memory of the test system from the outside or the
burn-in furnace.

The method of carrying out the acceleration
test (3) by using an LSI tester is nearly an ideal
method. However, in this method an expensive LSI
tester has to be used exclusively for long time (i.e.,
several fo several ten hours for one acceleration
test). In addition, the number of LSIs that can be
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tested simultaneously in one acceleration test is
limited. Therefore, this method requires very high
cost for conducting test.

SUMMARY OF THE INVENTION

It is, therefor, an object of the invention to
overcome the problems existing in the conventional
methods and to provide an improved method of
acceleration test of reliability of LSlIs.

It is another object of the invention to provide
an LSI test method, which permits increasing the
non-restorable fault generation percentage to re-
duce the percentage of the non-restorable fault
generation in the field (or market) by permitting
activation of a large number of internal gates in the
LSI under the acceleration test as compared to that
in the prior art test.

According to the present invention, there is
provided a method of acceleration testing of re-
liability of an LSI adopting a microprogram control
system, the LSl having a control memory, a
microaddress controller for generating a microad-
dress and supplying it to the control memory, and
an incrementer for receiving the microaddress and
incrementing it by "1", the method comprises
steps of:

placing the LSI in an acceleration testing ap-
paratus wherein an acceleration test environment
can be externally controlled;

switching an operation mode of the LSI placed
in the acceleration testing apparatus between a test
mode and a normal mode from the outside of the
LSI;

clamping an input terminal through a resistor to
a power source or to a ground;

supplying the LSI with a source voltage and
with a clock signal and a reset signal from a signal
generator outside the acceleration testing appara-
tus;

inputting an output of the incrementer to the
microaddress controller; and

selecting the output of the incrementer by the
microaddress controller while the LSI is set at the
test mode.

Further, the method of the present invention
may further comprise a step of clamping data
terminals of the LSI under test via resistors to the
voltage source or to the ground so that the LSI
fetches a specific command code while the accel-
eration test is being conducted.

Thus, according to the present invention it is
possible to carry out an acceleration test (3) to
generate latent non-restorable faults in all internal
parts of the LSI under test by activatedly operating
a majority of gates within the LSI in the same way
as in the normal operation without setting such
active test system as IC-LSI in a burn-in furnace or
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without need of exclusively using any LSI tester
during the acceleration test.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and ad-
vantages of the present invention will be apparent
from the following description of preferred embodi-
ments of the invention, with reference to the ac-
companying drawings, in which:

Fig. 1 is a block diagram showing an embodi-
ment of the invention; and
Fig. 2 is a block diagram showing another em-
bodiment of the invention.

PREFERRED EMBODIMENTS OF THE
TION

INVEN-

Now, preferred embodiments of the invention
will be described with reference to the appended
drawings.

Fig. 1 shows one embodiment of the invention.
Designated at 100 is an acceleration testing ap-
paratus, for instance a burn-in furnace, and at 101
a signal generator for the acceleration testing ap-
paratus, i.e., burn-in furnace 100. The signal gener-
ator 101 supplies, to an LSI to be tested disposed
in the burn-in furnace 100, a clock signal S¢.k via a
signal line 102, a reset signal Sger via a signal line
103, and a test signal Stgr via a signal line 104.

Designated at 105 is an LSI which is subjected
to the acceleration test of the invention, ie., a
microprocessor in which microprogram control is
conducted. Designated at 106 and 107 are a
source voltage terminal and a grounding terminal,
respectively, of the microprocessor 105. Designat-
ed at 108-7 through 108-0 are address output ter-
minals of the microprocessor 105, for instance, the
terminal 108-7 being for an address bit "7" and the
terminal 108-0 being for an address bit "0". Des-
ignated at 109-7, 109-3 through 109-0 are data
terminals, for instance, the terminal 109-7 being for
a data bit "7", the terminal 109-3 being for a data
bit "3" and the terminal 109-0 being for a data bit
"0", respectively. Designated at 110 is a resistor, at
114 a test signal input terminal, and at 113 a reset
signal input terminal. Designated at 112 is a clock
signal input terminal, and at 111 an input terminal
for other than the reset, clock and test signals, for
instance, a bus hold request signal or an interrupt
request signal which directly influences on the con-
trol of operations such as a microprogram process
or procedure in the microprocessor 105. Desig-
nated at 115 is an internal bus, and at 116 is a
command decoder for fetching commands from
data terminals via an internal bus 115 and decod-
ing these commands. When the command decoder
116 fetches FO(16), it decodes as a command code
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of an NOP (NO Operation) command, That is, the
command code of the NOP command for the
microprocessor 105 is FO(16). Designated at 117
and 118 are output signal lines from the command
decoder 116. Designated at 119 is an address
generator, which receives resultant data of com-
mand decoding in the command decoder 116 via
the output signal line 117 and generates addresses
for operand access and command fetch. Desig-
nated at 120 is a microaddress controller, and at
121 an incrementer. The microaddress controller
120 receives the output of the command decoder
116 via the output signal line 118, the output of the
incrementer 121, the reset signal Sgsr and the test
signal Stgr. Via the output signal line 118, the start
address data or information of a microprogram
corresponding to a command to be executed, as a
result of command decoding in the command de-
coder 116, is transferred to the microaddress con-
troller 120. The incrementer 121 receives the out-
put of the microaddress controller 120 and then
outputs the same output by incrementing by "1".
Designated at 122 is a control storage or control
memory, which outputs control codes correspond-
ing to the microaddresses produced by and output-
ted from the microaddress controller 120. It may
not be limited that all the microaddress space of
the control memory 122 is actually provided on the
semiconductor chip. If a microaddress which is not
actually allotted or provided is inputted to the con-
trol memory 122, the control memory 122 provides
a microcode of an MNOP (Microprogram NO Op-
eration) command. Designated at 123 is a micro-
decoder for decoding control codes outputted from
the control memory 122. Designated at 124 is one
output of the microdecoder 123 called an EOM
(End of Microprocedure) signal indicative of the
end of a micro-procedure. Designated at 125 is a
data processor which is controlled by a signal
generated as a result of decoding by the micro-
decoder 123 of conirol data provided from the
control memory 122 under control of each clock
pulse.

The disposal of the terminals of the LSI under
the acceleration test will now be described.

The source voltage terminal 106 of the LSI
under test is connected via a resistor 126 to a
voltage source which is controlled by the accelera-
tion testing apparatus. The terminal 106 is con-
nected via the resistor 126 in order to protect the
LSl under test from a surge voltage which often
develops when connected to the power source and
also to limit the supply current. When a large
supply current flows to an LSI to be tested, it is
necessary to determine the resistance value of the
resistor 126 connected in series with the LSI from
consideration of the voltage drop across the resis-
tor 126. Mostly, the resistance value of the resistor
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126 used is about several ohms. The grounding
terminal 107 is directly connected to the ground
which is controlled by the acceleration testing ap-
paratus.

When carrying out an acceleration test on a
CMOS device as an LSI under test, it is necessary
fo fix the input terminals to a low or a high level,
i.e., to 0 V or the source voltage (for instance, 5 V).
If the input terminal is left without being connected
o the source voltage and to the ground, that is, left
at an open state, it assumes a state equivalent to
one with an applied voltage at an intermediate level
(for instance, about 2 V with an LSI of CMOS level
interface). When a signal of about 2 V is applied to
the gates of p- and n-channel ftransistors of an
input buffer, which receives a signal from that input
terminal, both of the p- and n-channel transistors
are not turned off together, thus causing through-
current from the voltage source to the ground on
the semiconductor ship. In such a case, a damage
is caused to the input stage (i.e., the input buffer,
wirings to output terminals, etc.) of the LSI under
test. This through-current flows continuously for an
acceleration test execution period which is as long
as several to several hundred hours. This means
that, in an acceleration test with an aim of generat-
ing an initial failure and rejecting the products with
the initial failure before shipment for the purpose of
shipping highly reliable products, excess stress is
given to the input stage of the LSI in the course of
the acceleration test. That is, the acceleration test
itself is no longer meaningful. For this reason, the
input terminal, particularly input terminals for sig-
nals other than the reset, clock and test signals in
this embodiment, is connected via a resistor to the
voltage source or connected directly to the ground
from the consideration of the internal operation in
the LSI under test during the acceleration test. The
input signal is clamped to the source voltage via a
resistor in order to protect the input stage (i.e., the
input buffer and wirings to outer terminals) from a
surge voltage which frequently develops when the
terminal 106 is connected to the voltage source.
The resistor for claiming the input signal to the
source voltage is desirably several to several ten
kiloohms. For example, if an interrupt request sig-
nal for the microprocessor 105 as an LSI under test
is active at a high level, the interrupt request signal
input terminal is directly connected to the ground
and held inactive during the acceleration test. For
example, if a signal inputted to the input terminal
111 is a bus hold request input signal for the
microprocessor 105 and is active at a low level, the
bus hold request signal input terminal (111) is
clamped to the source voltage via a resistor 110 fo
hold it inactive during the acceleration test. To the
test, reset and clock signal input terminals 114, 113
and 112 in this embodiment are inputted signals of
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voltage levels not remaining as an intermediate
level from the signal generator 101 of the accelera-
tion testing apparatus.

Even if the output terminals of the LS| under
the acceleration test are held load-free, it has no
adverse affects on the operation of the acceleration
test. However, by connecting the address terminals
as output terminals via resistors 127 to the ground
as shown in Fig. 1, an acceleration test on the
output buffers and wirings therefrom to the address
output terminals, may be effected by connecting
loads to the address output terminals and passing
current o the output buffers when addresses are
outputted. Other output terminals, like the address
output terminals, are connected via resistors to the
ground in order to protect the output stage (i.e., the
output buffers and wirings therefrom to outer output
terminals) from damages caused by the flow of
excess currents. For example, when a high level
signal is outputted from an output terminal which is
connected via a resistor to the ground, the current
is caused to flow through a current path, that is,
from the outer source voltage terminal, the output
buffer p-channel transistor on the semiconductor
chip, the wiring on the chip, the pad, the output
terminal, the external resistor and to the ground.
This current is limited by the resistor to protect the
output stage. The resistor 127 for clamping the
output signal desirably has a resistance value of
several to several ten kiloohms.

The input/output terminals of the LSI under the
acceleration test, like the input terminals and the
output terminals, are clamped via resistors to the
voltage source or to the ground in order that no
intermediate level voltages are inputted while they
are operating as input terminals and that loads are
connected when they are operating as output ter-
minals. The resistance value of the resistors for
clamping the input/output signals is desirably sev-
eral to several ten kiloohms. In the microprocessor
105 as the LSI in this embodiment, data supplied
to the data terminals 109-7 though 109-0 are
input/output signals. In this embodiment, the data
terminals 109-7 through 109-4 for bit "7" through
bit "4" of data are clamped via resistors 128 to the
voltage source, and the data terminals 109-3
through 109-0 for bit "3" to bit "0" of data are
clamped via resistors 129 to the ground.

The operation immediately after the resetting of
the microprocessor 105 will be described. When a
high level signal having a sufficient duration is
inputted as the reset signal Spst from the reset
signal input terminal 113 fo the microprocessor
105, the address generator 119 generates a pre-
determined address and outputs it from the ad-
dress terminals 108-7 through 108-0 to outside.
The command decoder 116 fetches a command
corresponding to the address outputted from the
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address generator 119 immediately after the reset-
ting and decodes the command so as to start the
predetermined processing. The microaddress con-
froller 120 generates a start address data of a
micro-procedure (reset micro-procedure) for ex-
ecuting the processing at the time of resetting and
forwards this data as microaddress to the control
memory 122. At the end of a series of micropro-
gram control in the reset micro-procedure, the
EOM signal from the decoder 123 becomes active,
and the microaddress controller 120 fetches the
start address data of the next command to be
executed from the command decoder 116 and pro-
duces a new microaddress forwarded to the control
memory 122.

Now, the test mode of the LS| under test
according to the invention will be described.

First, a high level test signal Stsr is supplied
from the signal generator 101 of the acceleration
testing apparatus via the signal line 104 to the test
signal input terminal 114. At this time, the micro-
processor 105 as the LS| under test operates in the
test mode. When a reset pulse Srgr having a
sufficient duration is inputted to the reset signal
input terminal 113, the microaddress controller 120
outputs the start address of the reset micro-proce-
dure as microaddress to the control memory 122.
When the test signal 114 is at a high level, the
microaddress controller 120 always selects the out-
put of the incrementer 121 and outputs the
microaddress to the control memory 122. That is,
even if the EOM signal becomes active with the
end of the reset micro-procedure, for instance, the
microaddress controller 120 ignores the start ad-
dress data from the command decoder 116. Thus,
when the source voltage is supplied, a reset pulse
Sgsr is inputted to the reset signal input terminal
113, a high level test signal Stsr is inputted to the
test signal input terminal 114, and a clock signal
Scik is inputted to the clock signal input terminal
112 from the signal generator 101, the microad-
dress controller 120 increments the microaddress
"1" by "1" from the start address of the reset
micro-procedure and outputs it to the control mem-
ory 122 while the test signal Stsr is at the high
level. At this time, it may occur that microaddres-
ses not actually allotted in the control memory 122
are inputted to the control memory 122. In such a
case, the control memory 122 outputs the MNOP
microcode as noted above. In the test mode, the
microprogram stored in the control memory 122
can all be executed, and thus the data processor
125 can execute all kinds of data processes or
procedures of the microprocessor 105.

For example, with a 12-bit microaddress of the
microprocessor 105, with 1 MHz clock signal Sk
inputted thereto and with one microcommand
thereof executed in one clock pulse during the
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acceleration test, the microaddress is incremented
"1" by "1" for each clock pulse. Thus, it takes
0.004 second for the output of all the microaddres-
ses. Since the acceleration test usually takes sev-
eral or more hours, during the acceleration test the
internal process may be repeatedly executed to
activate the internal gates of the microprocessor
105 as the LSI under test.

In the test mode, the command decoder 116
fetches the command codes externally applied
from the data terminals. In this embodiment, the
data terminals are clamped to the voltage source or
to the ground as noted above, and FO(16) is
fetched at all times. Accordingly, the command
decoder 116 always decodes the NOP command
and controls the address generator 119 to incre-
ment the address. Thus, in the test mode, the
address generator can increment the address "1"
by "1" from the reset address and provides ad-
dresses in the entire address space of the micro-
processor 105. For instance, an address of the
microprocessor 105 may be 16 bits, an external
data bus may be 8 bits, a clock signal of 1 MHz
may be inputted to the microprocessor 105 during
the acceleration test, and the command fetch bus
cycle of the microprocessor 105 may be 4 clock
pulses.

In this embodiment, the data terminals are
clamped to the voltage source or the ground as
noted above. The microprocessor 105 thus fetches
FO(16), i.e., the NOP command code, one for every
4 clock pulses. This means that the address is
incremented by "1" for every 4 clocks, and thus it
takes 2.6 seconds before all the 16-bit address is
outputted. However, since the acceleration test
usually takes several or more hours, it is possible
fo activate the address generator and the address
terminal output stage of the microprocessor 105 as
the LSI under test by repeating the address gen-
eration during the period of the acceleration test.

Fig. 2 shows another embodiment of the inven-
tion.

Designated at 201 is a microprocessor as an
LSI under test, which adopts a microprogram con-
trol system of a next address system. Designated
at 202 is a microaddress controller, at 203 a signal
line for taking out next address data among micro-
codes read out from the control memory 122. Des-
ignated at 204 is an incrementer, which is newly
provided in this embodiment in spite of the fact
that the microprocessor 201 adopts the micropro-
gram control system of the next address system.
The incrementer 204 receives the address output-
ted from the microaddress controller 202 to the
control memory 122 and outputs the microaddress
after incrementation by "1" to the microaddress
controller 202. The microaddress controller 202
receives the start address data from the command
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decoder 116, the output of the incrementer 204
and the next address data 202 among the micro-
codes read out from the control memory 122. The
test signal input terminal 114 of the microprocessor
201 is clamped via a resistor 205 to the source
voltage. At this time, the microprocessor 201 op-
erates in the test mode, and the microaddress
controller 202 selects the output of the incrementer
204. In this way, an operation like that conducted in
the previous embodiment is executed.

While some preferred embodiments have been
described, the method of test mode switching and
the method of acceleration test according to the
invention are by no means limitative to those de-
scribed above.

As has been described in the foregoing, ac-
cording to the present invention, a majority of inter-
nal gates of an LSl under test can be activated
substantially in the same situation of operation, in
which the LSI under test is used actually, by mere-
ly externally supplying a clock and a reset signal to
the LSI during the acceleration test. It is thus
possible to promote generation of initial failures,
improve the efficiency of screening and permit
shipment of highly reliable products.

While the invention has been described in its
preferred embodiments, it is to be understood that
the words which have been used are words of
description rather than limitation and that changes

may be made without departing from the true
scope and spirit of the invention in its broader
aspects.

Claims

1. A method of acceleration testing of reliability of
an LSI (105;201) adopting a microprogram
control system, said LSI having a control mem-
ory (122), a microaddress controller (120:202)
for generating a microaddress and supplying it
to said control memory, and an incrementer
(121) for receiving said microaddress and in-
crementing it by "1", said method character-
ized by comprising steps of:

placing said LSI in an acceleration testing
apparatus (100) wherein an acceleration test
environment can be externally controlled;

switching an operation mode of the LSI
placed in said acceleration testing apparatus
between a test mode and a normal mode from
the outside of the LSI;

clamping an input terminal (111) through a
resistor (110) to a power source or 0 a
ground;

supplying the LSI with a source voltage
and with a clock signal (Sqik) and a reset
signal (Srst) from a signal generator (101) out-
side said acceleration testing apparatus;
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inputting an output of said incrementer to
said microaddress controller; and

selecting said output of said incrementer
by said microaddress controller while the LSI
is set at the test mode.

A method of acceleration testing of reliability of
an LSI according to claim 1, further comprising
a step of clamping data terminals (109-7 to
109-0) of the LSI through resistors (128,129) to
the power source or to the ground so that the
LSl fetches a specific command code while the
acceleration testing is being conducted on the
LSI.

A method of acceleration testing of reliability of
an LSI according to claim 1, further comprising
a step of clamping address output terminals
(108-7 to 108-0) through resistors (127) to the
ground so that loads are applied to said ad-
dress output terminals.

A method of acceleration testing of reliability of
an LSI according to claim 1, further comprising
a step of connecting a source voltage terminal
(106) to the source voltage through a resistor
(126) so that a serge voltage is prevented from
being applied to the LS| and a excess current
is prevented from being supplied to the LSI.
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